Abstract. There are a lot of converters in the DC microgrid. These tightly regulated closed-loop converters may cause stability problem of bus voltage when used as a load. In order to improve the stability of the DC microgrid, a novel stabilization method based on exact feedback linearization is proposed. The nonlinear system is transformed into a linear system, and the large signal stability control is realized by using the exact linearization technology. The feasibility and effectiveness of this method are verified by the simulation results.
Introduction
In recent years, under the dual pressure of energy demand and environmental protection, the micro grid has gained more and more attention and application [1] [2] . Compared to AC microgrid, DC micro grid which has the advantages of high efficiency, simple control, high reliability and good power quality, etc., is gradually being increasingly concerned about [3] [4] . However, a large number of power electronic devices in the DC microgrid, which is characterized by constant power load, may cause the instability of the DC bus voltage of the DC micro grid [5] [6] .
A method for improving the stability of DC microgrid by introducing the virtual capacitor into the load point is proposed [7] . The papers [8] proposed the method to improve the stability of the DC microgrid by modify the circuit structure or parameters of DC microgrid. In the paper [9] , the equivalent impedance of the converter which was connected to the Grid was changed by increasing the active damping signal, which can improve the stability of the DC microgrid. A method for improving the voltage stability of the DC micro grid is proposed by improving the PID control [10] . All these methods above all were the small signal stability at the equilibrium point. In this paper, the large signal stability of DC microgrid is realized by the introduction of the exact feedback linearization technique. Fig.1 , which contains a large number of power electronic converters. When the grid faults occur, the rectifier connected to the grid stops working, (NCEECE 2015) the DC bus voltage can be maintained by the DC/DC converter connected to the energy storage unit. When the load point converter works in the constant voltage mode and the control performance is good, the load point converter and its load relative to the DC microgrid as the constant power load (CPL) [11] . Under normal weather conditions, the distributed power, such as the photovoltaic and wind power, is generally working in the maximum power tracking (MPPT) mode, at this time of the photovoltaic and wind power and its converter can be seen as a constant power [12] .
System model and its stability analysis
To analyze simply, the case in which the Boost converter was used to maintain the DC microgrid bus voltage was taken as the example to study system stability. The simplified model of the DC microgrid is shown in Fig.2 . Fig. 2 The simpled model of a dc microgrid in islanded model Where E is the input voltage of Boost converter, L is the filter inductor of the Boost converter, C is the equivalent capacitance of all the capacitances which connect to the DC bus, R is equivalent resistance of all the resistant load, and the P CPL is the equivalent constant power load, which value is the sum of the input power of all the constant power loads subtract the sum of all the output power of the constant power sources.
By using the state average method, the circuit equation can be written as
Where d is the duty cycle of the Boost converter. By linearization to the equation (1) at its equilibrium point, the stability condition can be obtain [13] 
From the equation (2), it can be seen that in order to make the DC microgrid stable, the power of the constant power load in the system must be less than that of the resistive load. However, a typical DC microgrid contains about 80%-85% of the constant power load, the 15%-20% of the resistive load [10] . So in order to improve the stability of DC microgrid, some measures must be taken.
State feedback exact linearization of single input single output system
A single input single output affine nonlinear system can be expressed as follows in the standard form [15] 
Where X is the state variable vector of the system, u is the input of the system and y is the output of the system.
When the system's relationship degree is equal to the order number of the system, it can be transfer to the linear system (5) by the following coordinate transformation
Where Z is the state vector for the transformed system, v is the control variable, L f h(X) is the Li derivatives of h(X) relative to f, and 
By using the linear optimal control theory, the optimal control variable of linear system (5) can be known ) (
Where R is weight coefficient matrix and equal to 1. P* is solution of the following Riccati matrix equation 0
The linear optimal control theory [14] points out: the optimal control system is a large signal stability system.
Stabilization method of DC microgrid based on exact feedback linearization
Supposed x 1 =i L , x 2 =u C , the system (1) is adapted to the form of the following affine nonlinear systems 
（14）
It can be seen that the system's relationship degree is two which equal to the order number of the system. So, the nonlinear system can realize the exact linearization by nonlinear state feedback. 
For linear systems (16), the optimal control method of the quadratic performance index is adopted to obtain the control variables of the system.
The performance index can be selected in the following form
According to the optimal control theory, the optimal control solution v for the above performance index is the linear feedback of the state variables
The feedback gain matrix can be obtained by solving the Riccati equation according to the selected weight matrix Q.
From equation (17) and equation (19), the duty cycle of Boost converter can be obtained in following form
Where z 1 and z 2 can be obtained from equation (15) .
As can be seen from the above, the final control law is a complex nonlinear function of the state vector.
The Simulation experiment
In order to verify the effectiveness of the proposed method, the paper uses Matlab/Simulink to build a simulation model of the DC microgrid, and its system structure is shown in Fig.3 . Fig.4 The bus voltage and inductance current of DC microgrid supported by Boost converter without the nonlinear feedback It was pointed out in the paper [15] that in order to make sure the stability of original nonlinear system, the time constant of the linear system with the optimal control need to be equivalent to that of the original nonlinear system. Because the natural frequency of the Boost converter is
, and it can be obtained that
. At this time, the time constant of the linear system equals to that of the original nonlinear system, which guarantee the system stably. Fig.5 . At the time of 0.1s, the total power of constant power load was changed from 2000W to 3000W, and the DC bus voltage can be quickly recovered, which shows that the exact feedback linearization technique can not only guarantee the stability of the system, but also improve the dynamic performance of the system.
From the above experimental results, it can be known that the exact feedback linearization of the DC microgrid can be achieved by using the nonlinear state feedback technique, which can overcome the adverse effect of the constant power load and make sure the stability of the DC microgrid.
Conclusion
In this paper, the negative effect of the constant power load is offset by the nonlinear state feedback and optimal control, and the damping of the system is increased by using the exact feedback linearization technique. The simulation results verify the validity of the proposed method.
